Instrumentation
All NMR spectra were recorded on a 400 MHz Bruker Spectrospin spectrometer using deuterated solvents. Chemical shifts are reported as δ in parts per million using the residual protonated solvent as internal standard. 3 The following abbreviations are used to describe signals multiplicities: doublet (d), doublet of doublet (dd), triplet (t), quartet (q), septet (sept), multiplet (m). Diffusion-Ordered Spectroscopy was carried out using a modified Bruker Pulse sequence. Calibration of the gradient field strength was performed using a sample of H 2 O in D 2 O (1% v/v) doped with GdCl 3 (0.1 mg) as a paramagnetic relaxation agent. Gradient strengths were calibrated to provide a diffusion coefficient of 1.91 x 10 -9 m -2 s -1 at 298.15 K (gradients operated from 95% to 5% using 16 points with a quadratic decay). A bipolar LED sequence as for the sample measurements was used, with sine shaped gradient pulses and gradient strengths incremented between 0.28 and 5.19 G mm-1 in 16 steps equally spaced in gradient squared. 1H diffusion measurements were recorded using an LED sequence with bipolar gradients, with sine shaped gradient strength incremented between 0.28 and 5.19 G mm -1 with gradient steps equally spaced linearly. Data analyses were performed using TopSpin software version 3.5 (patch level 5). Temperature accuracy for the 1 H DOSY experiments performed was ensured by initial calibration of the sample temperature to displayed sample control temperature by measurement of the shift between the residual CH 3 and OH resonances of methanol (99.8% MeOD). Diffusion distributions were calculated using the Stokes Einstein equation as previously described. 4 Atmospheric solids analysis probe mass spectroscopy (ASAP-MS) experiments were performed on a Micromass ZMD mass spectrometer. Mass analysis was performed in positive ionisation mode. Settings are the following: source temperature 400 °C, sampling cone 14 V, corona 3.94 kV.
UV-vis spectroscopy was carried out on a Perkin Elmer Lambda 35 UV/vis spectrometer or an Agilent Cary 60 UV-vis spectrophotometer. Quartz cells with two polished sides were used.
Infrared spectra of compounds were obtained using a Perkin Elmer 100 FT-IR instrument fitted with DTGS (deuterated triglycine sulphate) detector.
XRD studies: A suitable single crystal was selected and immersed in an inert oil and mounted on a nylon loop attached to a goniometer head. The crystal data was obtained on a Bruker Apex-II CCD diffractometer using Cu-K a radiation (l = 1.5418 Å) with 1.0° f-rotation frames. The crystal was cooled to 100 K by an Oxford Cryostream low temperature device, 5 and the full data set refinement and reduction was carried out using Saint v8.34A program. 6 Structure solution by direct methods was achieved using Olex2-1.2 7 through the use of SHELXS, 8 and the structural model refined by full matrix least squares on F 2 using SHELXT and SHELXL. 9 Molecular graphics were plotted using Mercury program. 10 Unless otherwise stated, hydrogen atoms were placed using idealised geometric positions (with free rotation for methyl groups), allowed to move in a "riding model" along with the atoms to which they were attached, and refined isotropically.
Methods
Geometry optimizations were carried out using the M11-L DFT functional 11 coupled with the SDD basis set 12 for the metal ions and the def2-TZVP basis set 13 for the lighter elements. Vibrational frequencies were calculated to ensure the absence of imaginary frequencies and to obtain the IR spectra. UV-vis spectra were computed using the time dependent density functional theory (TD-DFT) method on the optimized structures using the same DFT functionals and basis sets. All calculations were performed in vacuum. 14 All calculations were performed by utilizing the Gaussian 09 software package. 15 
Synthesis and characterisation of complexes 1 -4
The compound has already been synthesised following a different procedure. 16 A solution of 1,2-benzenedithiol (58 μL, 0.51 mmol, 1 eq.) and sodium methoxide (55 mg, 1.01 mmol, 2 eq.) in dried THF (15 mL) was stirred under nitrogen for one hour, an orange colour appeared after 10 min. The The molecular structures for complexes 1 and 3 show a half-sandwich pseudo-octahedral geometry for the central metal atom. The metal atoms are capped by a p-cymene (1) or Cp* (3) ligand and coordinated by three S atoms, two from the benzene-1,2-dithiolato ligand, and one from an adjacent moiety, thus creating diamond-shaped (MS) 2 motif for these metals. The same dimeric structure of complex 1 has previously been reported; 17 however, the complex reported here crystallized in a monoclinic cell and structural solution was performed in space group P2 1 /n. The Ru1-S bond lengths in 1 (2.378(1) and 2.377(2) Å) are close to those previously published (2.36 -2.39 Å). The Rh1-S bond lengths in 3 (2.3589 (8) 
Synthesis and characterization of complexes 5 -8
Synthesis of [(η 6 -p-cymene)Ru(3,6-dichlorobenzene-1,2-dithiolato)] (5) A solution of 3,6-dichloro-1,2-benzenedithiol (106 mg, 0.51 mmol, 1 eq.) and sodium methoxide (54 mg, 1.01 mmol, 2 eq.) in dried THF (15 mL) was stirred under nitrogen for one hour, an orange colour appeared after 10 min. The [(p-cymene Ru) 2 (μ-Cl) 2 ] dimer (153 mg, 0.25 mmol, 0.5 eq.) was then added, the solution became dark red and was stirred for 15 min. The solvent was removed and the remaining solid was purified by chromatographic column (hexane/CH 2 Cl 2 2:1). A red powder was obtained (58 mg, 26%).
Both the mononuclear and dinuclear complexes exist in solution, as confirmed by 1 H NMR. 3 J H-H = 6.6 Hz, 6H, CH(CH 3 ) 2 dimer ). 13 Synthesis of [(η 6 -p-cymene)Os(3,6-dichlorobenzene-1,2-dithiolato)] (6) A solution of 3,6-dichloro-1,2-benzenedithiol (105 mg, 0.51 mmol, 1 eq.) and sodium methoxide (54 mg, 1.00 mmol, 2 eq.) in dried THF (15 mL) was stirred under nitrogen for one hour, an orange colour appeared after 10 min. The [(p-cymene Os) 2 (μ-Cl) 2 ] dimer (191 mg, 0.25 mmol, 0.5 eq.) was then added, the solution became dark red and was stirred for 15 min. The solvent was removed and the remaining solid was purified by chromatographic column (hexane/CH 2 Cl 2 2:1). A red powder was obtained (120 mg, 45%).
Only the mononuclear complex exists in solution, as confirmed by 1 H NMR.
1 H NMR (400 MHz, CDCl 3 ): 7.22 (s, 2H, H arom benzene ), 6.14 (dd, 3 J H-H = 15.7, 6.1 Hz, 4H, H arom pcymene ), 2.57 (sept, 3 J H-H = 6.9 Hz, 1H, CH(CH 3 ) 2 ), 2.46 (s, 3H, CH 3 C arom ), 1.31 (d, 3 J H-H = 6.6 Hz, 6H, CH(CH 3 ) 2 ). 13 Synthesis of [(η 5 -pentamethylcyclopentadiene)Rh(3,6-dichlorobenzene-1,2-dithiolato)] (7) A solution of 3,6-dichloro-1,2-benzenedithiol (106 mg, 0.51 mmol, 1 eq.) and sodium methoxide (54 mg, 1.00 mmol, 2 eq.) in dried THF (15 mL) was stirred under nitrogen for one hour, an orange colour appeared after 10 min. The [(pentamethylcyclopentadieneRh) 2 (μ-Cl) 2 ] dimer (162 mg, 0.25 mmol, 0.5 eq.) was then added, the solution became brown and was stirred for 15 min. The solvent was removed and the remaining solid was purified by chromatographic column (hexane/CH 2 Cl 2 3:1). A brown powder was obtained (22 mg, 10%).
Only the mononuclear complex exists in solution, as confirmed by 1 (8) A solution of 3,6-dichloro-1,2-benzenedithiol (106 mg, 0.51 mmol, 1 eq.) and sodium methoxide (55 mg, 1.00 mmol, 2 eq.) in dried THF (15 mL) was stirred under nitrogen for one hour, a yellow colour appeared after 10 min. The [(pentamethylcyclopentadieneIr) 2 (μ-Cl) 2 ] dimer (198 mg, 0.25 mmol, 0.5 eq.) was then added, the solution became dark red and was stirred for 15 min. The solvent was removed and the remaining solid was purified by chromatographic column (hexane/CH 2 Cl 2 2:1). A red powder was obtained (240 mg, 89%).
Only the mononuclear complex exists in solution, as confirmed by 1 H NMR. Figure S6a . 13 C NMR spectra of complexes 5 and 6 (CDCl 3 , 100 MHz, 298 K). Figure S9 . UV-Vis spectra of the titration of complexes 5 -8 by DMAP, triphenylphosphine, and pyridine in CH 2 Cl 2 (10 -4 M, 298 K). 
Titration of complexes 5-8
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1 H DOSY NMR
Diffusion ordered spectroscopy experiments were carried out on complex 1 in CDCl 3 (10 mM). This was done to establish the difference between single and monomeric and dimeric metal species in the same sample. Samples were run at varying temperatures as shown in Fig.  S11 .
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Figure S11. Snapshot of raw 1 H DOSY data from complex 1 processed using Bruker Topspin software carried out at 298 (A), 278 (B) and 328 (C) K.
From the room temperature data (298 K) a horizontal slice of the 1 H proton peak from both the monomer (D = 1.52 10 -9 m 2 S -1 ) and dimer (D = 1.75 10 -9 m 2 S -1 ) was taken so that × × the monomer and dimer proton signals could be isolated. This is shown in Fig S. 12. The signals at 5.7 and 4.8 ppm were then extracted to determine the exact diffusion of the samples at different temperatures, and the ratio of the two proton sources compared to give the ratio of monomer (M) : Dimer (D) present at that temperature. This data is shown in Table S11 with raw data show nin Fig. S14 . This data indicates that as the temperature was increased the concentration of dimer was reduced significantly, so that at 318 K there was insufficient concentration of dimer to determine an accurate diffusion value and the accuracy of the fits was greatly reduced. Within the sample the diffusion of the solvent peaks (CDCl 3 ) decreased as the temperature was raised however this is likely due to the changing concentration of monomer / dimer complexes present within the sample affecting solvent viscosity. 
